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In this paper we study the matrix element of the transverse component of the bilocal vector 
current in the context of deep inelastic scattering. BJL limit of high energy amplitudes together 
with light-front current algebra imply the same parton interpretation for its matrix element as 
that of the plus component. On the other hand, the transverse component depends explicitly on 
the gluon field operator in QCD, appears as "twist three" and hence its matrix element has no 
manifest parton interpretation. In this paper we perform calculations in light-front time-ordering 
perturbative QCD for a dressed quark target to order a s and demonstrate that the matrix element 
of the transverse component of the bilocal vector current has the same parton interpretation as that 
of the plus component. 

PACS: ll.lOEf; 11.40.-q; 12.38.Bx 

Keywords: bilocal vector current; parton picture; light-front time-ordering perturbative QCD 



The bilocal vector current originated in the context of BJL limit and light-front current algebra Jl]-|| . It plays a 
significant role in the current understanding of factorization 0] and power corrections [pH in deep inelastic scattering. 
The hadronic matrix element of the bilocal vector current can be reduced to two bilocal form factors Vi and V% defined 
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, where 



V f *(y\z) = ±[V»(y\z)-V»(z\y)], (2) 
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Oh! with the bilocal vector current 

& 1 : V»(y | z) = $(y)>fil>(z), (3) 



i\) being the fermion field. 

The bilocal form factors relevant for deep inelastic scattering are associated with y + — and y 1 - = 0. Thus y 2 = 
and P ■ y — -^P + y~ . The twist two part of the unpolarized deep inelastic structure function F 2 is denned by 

w * P+ r d iP+y - xVi{ y (4) 
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Usually, the nucleon target is considered in the rest frame, P 11 = (M, 0), so that P 1 - = 0. Since y + = 0, V\ can be 
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extracted using the plus component of the bilocal current V + from Eq. (|l|), which leads to 



F 2 {x) 



i- / dy-e-i p+ y' x {P | $(yh + iP(0) - ^)l + i>(y)] \P)- (5) 



This is the familiar expression of F 2 in terms of hadronic matrix element of the plus component of light-front bilocal 
vector current. In this case the operator has no explicit dependence on the interaction (the full complexities of the 
interaction are hidden in the state) and the parton interpretation of the F 2 structure function is manifest using the 
light-front formalism Qfl. 

However, Eqs.Q and (Q) are also generally true for the nucleon target being in any arbitrary Lorentz frame. If we 
consider an arbitrary frame in which P 1 - ^ 0, then it follows from Eq. (|l]) that V% can also be extracted from the 
transverse component V 1 - since y = and Eq.ffl) can be expressed by 



F 2 (x) = J_P+ 
x ~ 8ir P 1 - 



dy-e-% p+ y~ x (P | <My) 7 ^(0) - ^(0) 7 X V(y) I P). (6) 
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Now the operator that appears in Eq. (g) 

^(yh^m = (^ + ) t (y)a ± ^-(0) + (Vr)+(y)c^+(0) 



(7) 



is explicitly interaction dependent because of the presence of the constrained field operator ip~ . Thus the operator 
V has explicit dependence on the interaction and the structure function F 2 extracted from Eq. (|q) has no manifest 
parton interpretation. In fact, due to the explicit dependence on the gluon field, the operator V appears to be of 
"higher twist" |,|. 

To the best of our knowledge, this is for the first time it is observed that the unpolarized structure function F 2 can 
also be expressed in terms of the transverse component of the light-front bilocal vector current, Eq.(^). Since Eqs.(||) 
and (Q) describe the same structure function, it is necessary to check their internal consistency. In this letter, we 
demonstrate the internal consistency and hence the parton interpretation of the transverse component of the bilocal 
vector current by explicitly carrying out calculations of the structure function of a dressed quark up to order a s . Note 
that for a quark target, contribution from the second term in Eqs. (||) and @ vanishes. 

In order to evaluate Eqs. (||) and (^|) for a quark target to order a s , we take the state | P) to be a dressed quark 
and expand this state in terms of bare states of quark and quark plus gluon: 
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Explicit evaluation of Eq. (||) gives 
F 2 (x) 
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x-x 2 )5 2 (nf + 4) \^< X *(x,Ki;x 2 ,4) | 2 
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where we have introduced the Jacobi momenta (xi, k 1 ), kf = XiP + , kj- = nf- + XiP 1 - , with £\ X{ — 1, nf- = 0. 
We have also introduced the boost invariant amplitudes tpi and tp 2 related to (f>i and (f> 2 by </>i = ipi, <j> 2 {kf , fe/") = 
^p + ijj 2 (xi, ) . The above equation makes manifest the parton interpretation of the structure function F 2 . To order 
a s we have, (for details see Ref. ||) 
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which is the well-known answer. 

Next we extract the structure function F 2 (x) from the transverse component of the bilocal vector current. The 
constrained fermion field ip~ — -^(oc^ .(id 1 - + gA 1 ) + 7°m)'0 + . We use the light-front 7 representation given in Ref. 
||. Without loss of generality we take the _L direction along the x axis. The structure function can be explicitly 
written as 



F 2 (x) 
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Contribution from O m : Only potential non- vanishing contributions are from the diagonal matrix elements for the 
single quark state and the quark-gluon state. Single quark matrix element vanishes because a 2 flips hclicity. Diagonal 
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contribution from the quark-gluon state also vanishes because of the cancelation between the two terms in Eq. (|?|). 
Thus the contribution from O m to F2 vanishes. 

Contribution from O fc j_ : Explicit evaluation leads to 



\l J dX2 J j d2fi 2S(l- x- x 2 )S 2 (Ki +k£) 
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f dx *f j d 2 K 2 L 5{l-x-x 2 )6 2 (nt +n^) 



\1>?> Xa {x,Kt;x2,Kk)\ 2 (13) 

since J d 2 K^n\ \ ip2 \ 2 — as a consequence of rotational invariance. Eq.(|l3|) gives the same result as Eq. (||). 
Lastly we evaluate the contribution from O g : 

F 2 {x) 1 g 1 ^ f dy 
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= 0. (14) 

This is because the quark-gluon amplitude ip2 has two types of terms: a) terms proportional to the quark mass m 
accompanied by a 1 - which vanish because x\ a ^Xcr = 0, and b) terms proportional to k which vanish because of 
rotational symmetry. Thus the contribution from O g to the structure function vanishes. 



From Eq.(13) and Eq. (|9|), it follows that the structure function extracted from Eq.(|6|) has the same result given by 
eq.(10) and hence the same parton interpretation as that extracted from Eq.(|5|). Thus we have explicitly demonstrated 
the parton interpretation of the transverse component of the bilocal vector matrix element in unpolarized deep inelastic 
scattering. The classification of twist in DIS or other hadronic collision processes based on the different components 
of light-front bilocal operators seems unreliable. 

The axial vector counterpart of the matrix element studied here enters the transverse polarized structure function 
gT- The presence of the Dirac matrix 7 s and the polarization vector leads to major differences. Recently, using 
the same calculational framework we have studied and clarified [[l0| the question of the physical interpretation of gx- 
From Eq. (|l|) it is clear that the hadron matrix element of the minus component of the bilocal vector current carries 
additional nontrivial information about the hadron structure and dynamics compared to the plus and transverse 
components. It is of great interest to study this matrix element and its physical implications for deep inelastic 
scattering. 
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